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(57) [£«] 

m. temmmma ± v^mmmmz wmx < mm 
tft. 

[JSfc^Sl ^77-5rt£^£EIimi:LTTa 
[N (C 2 H 5 ) 2 ] 4 6£JR£U t-fTCWbtttft* 

ft. *LTt-*7'n.y?2±^fflS4JiKTa]SM 
fS-fft. TaUHbKS-JgJSI-ft^JCtt. Ta [N (C 
2 H 8 ) 2 ] 4 fcft£0 2 £j0igl|*ifc{ft£-fft. SfcT 
a g-ffclM Jgjft-f ft #£Kte , Ta [N (C 2 H 5 ) ,] , 

t^cNH 3 zaxm 1 Htmt ft . 



NHj- 



H, 



-D*3-CZZf^-t*l- 



si 



"11 




^5 



7 ^ 

8a x 8b^ 8c -^^.yn^^Yv—y 
9 

11 
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imsmii ftHKMc, ^<ti> imu<ii« 

[N (C 2 H 6 ) ,] 4 (fBL, M(4&R (S it 

u ft^wswBjR^ (cvd) att. ±m 

.tr> R, «L<tt. £mib£«£t£«U 
[|jf*Jl2] ffieM*\ Hf , Ta, Zr'.Ti.'S 

i <7)*cr>®tifrX'hz>z t tfflLt-f&mm 1 lauo 

[11*13] ffitBM#TaT'J>l>k#, Ta [N (C 
2 H 6 ) ! ] 4 CtetN (C 2 .H B ) Ta [N (C 

m. 

[ ajara 5 ] fir tatfMrt t . mm^mmwMt mm 

fc. 0 2 , N 2 0, NO, H 2 OcW)l»gL<ti«iS: 

i mm. 6 ] ^sK«ffi«aa^fifiB^!M& . k 

fe, N 2 , NH 3 ^OMii* i -^L<{i:M*^tt^ 
LT£SSfcftR£Jt8W-4 - k Sr^Stk-f &ft*H 1 

^3contiMzn.mfmtTm. 

1 §l*Jf 8 ] £KMtt]«it^Oiiuf ESM£ , s 

ctff 5 z t zw®t t mum i is 
[ if im 9 ] m&umtmntzttt i **V7#*t 
Mzmmw&mm. 

im& i o ] mmmz a 5 oxjjarwairetT 3 £ 

m-m. 1 1 ] hm»i£ 4 0 ox:jjUi<offlig-cff 
a ; t wmt-thmsm 1 - 1 omtdrtzw&m. 
mm. 

[ n*3i 1 2 ] iffiaj&jijyi tJtflt^asa: 0 5 0 - 

2 0 orrinaurcif 3 i k Srmk-ri»»*Ji 1 - 1 

[0001] 

mwzmmmizm^mm&mzmL. mz. cv 
d ut¥%mm) &m^x&mm. ^smmma 



£v&^mm&mtzm;izm'r&i><?>x'$>&. 

[0002] 

x&mts i ittii>(7)tth) &mm. &m 
wawMwiixm. ztibnmi. 

wmm%immx'$)h Ta*B±jctt%-** 

h. mz. m^ j m<D&}3Xv : mm^mmimmx' 
b&.tK. m£mmtimzt>m-%&m^mx'h 
h tK ^zti^mtm^ttmw^fcimwti 
zbtmu\ mtoz&tmRnf&wumx'h 
<o. mmifr ^wz t *•» trx&Mai 0 z 

[0003] 

[ $HUaW& LJ;oi:-rSil^]i^^ O^ftl:^ L 
t, CVD (Chemical Vapor Deposit ion) 
EiaT^HafEiJ-CJSR-fSLPCVD (Low Pressu 

re cvd) m±. wmi<zi>fflm5i&< mm tmt& z 
t &iii*h$mumx'*)& &m*w.m mgmiz & 

[0004] c vDmx'&m&£v*0>&&ifo£tmt 
h-tifcb lx\±. c 1 (jfi*> tfo^oyy^EfcR 

JBtf-fcfcAII/NoyyflSfttfflv^SttJ:, TMA (b 
';^f-/PT;VS^A) . TEA (hllx^T/kS- 
^ix) ^^ti^JRSrfflV^MOCVD (Metal Organi 

c cvd) mtfhhbK *mwYWh*Jto*hij&c 

4. *a^JRSrfflV>|,MOCVDa(i. ggy\n 

[0005] *%jmwmt. ±Mitzm:Mi<rmm 
^mmtizbx'h^x. znmii, *mms*? 
z^m&co&jmizwam^x i> , ^Htji^^t 

ix . m%&m t o^A^ia^^iiasrKjiT 

[0006] 

< iSM«^M [N (C 2 H 5 ) 2 ] 4 (fit, Mtt&R 

( S i 6*tr, WTHt) 7c*) (cT«S^.««WIUi 
fl«r»AL, ^k^Wmffi^ (CVD) mzX. ^Ji 
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M#\ Hf, Ta, Zr. Ti, Si <7)<f OMiX*^'^ 
KMrttc, flffiWfflMKftfcftlitt:. 0 2 . N 2 0. N 

ittmmmbnniz. n 2 . nh^^m^**-;*? 

[0007] 

im<rmtmm mz. wmzmmixxmom 
4. **iBfc*iv^tt. mm. muz^t^-^v^ 

2rtOh-^fcJ: 9Wx.tr 1 0 0-6 0 OT&Mftt 
h. ZT-v7ti^U v ^tfflBtS *l . 4 50 

ztit. ^yy-smzmmtLxmusT a. en (c 

2 H 5 ) ,] 4 6£ttteU t-*7t1»Mr#S>*+'J7 

& h 2 ax ixmmtfxzsmm i Mii* 

Xy710ka-?0-#>7'l lcr>mfr£hi£(,z£*) 

m%n* mmmv&)fmmft&jjiiztit>iz£*)Wt 

tfl-i00Torr (133. 3~13332Pa) 

izt&mztiz. 

i o o o 8 ] &mmx'h& t ai^Mt^i^cii 

am^fcLTttTa [N (C 2 H 6 ) ,] ,*>*a*0Wfr$ 
ill. CfflU ttettiiotTa [N (C 2 H 5 ) 2 ] 4 £ 
<iNC 2 H 5 Ta [N (C 2 H 5 ) 2 ] 3 tfm.XlX^h 3 . 
TaKi=fUffi*>£SM!tT**Hf (;s7-<7A) 
Zr ft\ Ti K % Si 

'Jny) J»£JftiWS*£fctt. JBPBtf** LTH f 
[N (C 2 H 5 ) 2 ] Zr [N (C 2 H 6 ) 2 ] 4 , Ti 
[N (C 2 H 5 ) ,] 4 4ft(iS i [N (C 2 H 6 ) 2 ] 4 £{ft 

i S i £#jfctS*£(CttT i [N (C 2 H 6 ) 2 ] 4 #X 

tsi [n (c 2 h 6 ) i ] i tfxbzmtif< l zimmmz& 
m&. &m w^fsmt. mm^me. 

x y )Mtif5 0-20 o-cm^i&mizxmm&'jf? . 
£*ucj:9ii+fca*i/c»#*&c. N^^Kajs* 



mttw znmnigMX'iimnn&mz+MzfTo 
ztmu^x-hh. znMmwmmt. & 
tsmi puz&wximmz3\%m^xmz tttx-z *> 

mzftdXoizixMw 
[0009] &mmt ftK »*-t*«^tctt, m [ n 

(C 2 H 5 ) 2 ] 4 «IU MM&ltic*) fc-H-fcfflE4± 
*K13k ^x.lf0 2 »jfiR£l(Cftt» 
tl>. 0 2 ^c7)giM{±v^7n-nyhD-98bt 
J:0l»t6. flitfTa, 0 5 mMtfL-tZHrSlZ 
(±. Ta [N (C 2 H 5 ) 2 ] rfXtMZOt 
^A-TI.. 0 2 fcf«.N,0, NO s H,OSrfflWtiJ: 

<. itzzh^mitmxn^commzmmzm 

iftoa^wKt^jat-ri^fctt, sss^m [n <c 
2 h 5 ) ,] t tm&mtfx*mbt*. 

[0010] 6ltBftftK£#l&-r M [N 
(C 2 H 5 ) 2 ] 4 {ffiU Mtt4«7C«) tfttSffi4± 
tfflR^ftlftTS SSSWitfN H 3 ^fig^M 1 fcUiA 
t"4. NH 3 ^*Xi0gg4(i-7X7o-nyha-7 8c 
fci OifflS-t*. ^Jx(i"T i NS«t^Cll 
Ti [N (C 2 H 5 ) ,] 4 ^fcftfcNH, ^^MM^ 
A-fSo NH 3 tftxN 2 5rfflV^Tt<t<, ifeNH 3 

tm^zii, mmmwM cn (c 2 h 5 ) 

[00 11] H2(i. M (^JStc*) A { TaT'S)l.*^ 

Hf,Zr,Ti. Si «D«^(Ctt. 03^-TJ: 0 
[z. M [N (C 2 H 5 ) 2 ] iffym&X'h-iiz. 
[0012] 

[satMi ] n^jifcLT. lait^-TLPcvDn 

{IJCiO, Ta [N (C 2 H 5 ) ,] 4 ^SrKfi^jCja 

Si^^ifitl!!l(MtLTfflSLfcSi0 2 aHR, Si 
ftKtl62. O^rn. UZ5txm (TX^.^hJt=2. 

^«aft*B6<-fcA, W7-5frt>mmitx'<rm 

^SrH^t^ri^g-C'^8 O'CCJO^U/i. 

fc^T, »«ffl££t-?:/n.y;7 2rt<7)t-?£j$iJffil 

LT 1 0 0—6 0 O'Ct^-ft^-tt. t-?70&££6 
or(c«^t, vX7n-3yhn-58atj:0H 2 
^'X&IS- 1 0 s c c ratMLfc. 1 1*1 

O^lOTorr ( 133 3Pa) JR 
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mmm. m.mms^x o 5 0-2 0 o°cmz-<t 

x, 1 1 ^mnmmzmitz. 

1 0 0 1 3 1 mm uzmcommte&mf&kvs e m 

(scanning electron microscope; ^jESS^I!) 
£9. )I^ffiffiffi(i4£it£$|£K±9. KOiSAffift 
(3TEM (transparent electron microscope;^jiJSKt 
ft) WfcfCj: 9, K+^^FItflilttS IMS (secondary 
ion mass spectroscopy; 3j- yfOtftftf ) lz£ 

M^tffl^M^^^ffiT^^^^Av 4 0 0 

ft£ . sax t £»ej&n s e mx-mm Uz 
hzt inmztit:. zcommzsmntztbiz'iT^ tzm 

0. 7 5gIt«'fiTU:*\ A'iJ7tt*«fitt-*fc 
&gk SrSJKJS te-Hr«Sft C k fc. 
[0014] McO^K*«»fiS^«V^{Jfc'ffi< . £ 
$&J£4 0 0~~6 OO'CKfcWC. 0. 0 1-1. OQ 

•y ^k im&vmimzmx-KmBtfLT'Z h z 1 
■cis, js*^»gci#<K^afistfiv^ft. mm 

i>!»Xm&ni 0-1 0 0fi£«9ffi£iSLfc. SIMS£ 

ima^ifttoKjiS^U C i^)K^fctaF4f 
itt^-UA^tL^oX:. 4fc, TEMfciftjWrfcrJ: 

<uf4 0 o°cxmmuzmimmmmxh^tz. 

[00 15] Ht$atSrfflV^T, Hf [N (C 
2 H 6 ) ,] 4 . Zr [N (C 2 H 6 ) 2 ] Ti [N (C 2 
Hj),] 4 , Si [N (C 2 H 5 ) ,] ««rJHWCl K -fit 

ZtlcVlWMz^hUmzm&ZtT. Ta [N (C 
2 H 5 ) 2 ] 4 k H«fcJi!«£fr 3 £ k . § 

fciMW-iifcaPTSfc. £<0^J3MCWI/CU\ fill 

[0016] [KSME0I2 ] HJt0f 1 R*fcHl 
t«^LP'CVDiattfflv\ -ttf!)fl!!<o*ftS:Htfc:L 

T, Ta [N (C 2 H 5 ) 2 ] 4 kl§|l$fc0 2 ^7X7D- 
nyhn— 55bfcri0iSai*45»O. 01-1000 
m 1 {cmffi LT JfiJRSrt t fc k Z b . T agHLtj 
£ k K*^»*»io 2 «Ufeo 
flttllfcfl^tfWllU fc^KfrW^TttftLfc. 4fc, 
UWUCfcHW^Wb^A^il*. Ta [N (C 2 H 5 ) 



2 ] 4 £fU, Hf [N (C 2 H 5 ) ,] 4. Zr [N (C 2 
H 5 ) Ti [N ( C 2 H 5 ) 2 ] 4 N Si [N (C 2 H 

5 ) iliVkH^fcOjtflBftLfcfci*. -eix-eii^W 

m&mmmmmmzzb&x'Ztz. ttz. zn 
t>mmz^x m^mmm^mA^m^zw 
iwnu it^mmzmx-mmitz. zt>iz^ mm 

[0017] ziiw&mmmit^-fiit&^im 
zztmrnxhi. ttz. iBL(?>&mbsi<7fe&frt, 

tobtlX^l. ZUzO^itb*)^ *fc«:O t i:HB* 

mmiiifi:. itnotzMzmm itzx^-y rmzx t 
mz&Kx. huy^-ttt'^m am 

X o %MIZ «>%-&)£]£#{£#£ Ztb. CI ^cofiJffl 

<7)W&mm uzz t immm 1 1 o^. 
[ooi8] [hmct3 ] i maitii i 

fciSI-LPCVDSSilfcJHV^ *<0fl&<0*frSrHtL 
T, Ta [N (C 2 H 6 ) ,] ( kH«Hc, "7X70-3^ 
r-n-58cfc:J:98fE*£*fcfr0. 0 1-1000ml 

a-fbHiii*»i«Ms tut . «+«ofi*jniNH 8 auico« 

a [N (C 2 H 5 ) ,] 4 t^i. Hf [N (C 

2 H 5 ) t ] 4 ; Zr [N (C 2 H 5 ) ,] 4 . Ti [N (C 2 

h 5 ) 2 i 4 . si [n (c 2 h 5 ) t ]i*twmm# 

0. 01~1000ml<0NHs*flttftLfcki*, * 

n h 3 mMcomnizm ^ma l . ^JM»«FSr«rctt» 
Lfc. ^^(3. ^sfefH i cvmisb mmiz2mmik<nm 
mmmzmkttzbtzxnx . ^±cr>mtmn§h 

titz* 

[0019] zti^^mmmmi^-ftihrn^m 

A*ijr^kLTfOT-f4^k^«gT'*l». H4J4. S 
i *aU:tT i N (f-^yfiftfft) g»»4 0 O'CCT 

o . i ju m coti&mzmm la i o xxzx 3 0 ^-^jiaa 

Zfintzmzcr)±.lzc u £*j£«U *<0«5 5 0*C, 1 
B^fM^a^ff o T , T i NfSJICOC u tcitt&y? 

u Tm.zm&Ltzm%kitmmxhz> . ^ 

k "5. HMUfcCuifta^k-jfc. ^<0@*>4>BB^*^J: 
Ti NJWRfci OCui^fltt^snrv^i 

ft v^iNHa kHisKN, mteLxmmiZ'kmm.m 
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vmLitomiKz timi&M 1 axx/mm2 1 mm 
(wills ztuz. 

i o o 2 o ] jaLh, *mnm t^mmiz^xm 

[0021] 

immsk] wmwifczoiz. *miz£t>&m 

WSt&KEBtHf [N (C 2 H 5 ) 2 ],,Ta[N 
(C 2 H 5 ) ,] 4 . Z r [ N ( C 2 H 5 ) 2 ] 4 s T i [N 
(C 2 H 5 ) ,] 4 . S i [N (C 2 H 5 ) 2 ] ,£fflV\ £A> 

ftiHrtr if ) ^DQfliBfc: tiwwttA < tm-th z t mm 
w&ttztmmiztci. 



[02] *fKBKtJV^fflv^ii6«m4H t l»6H 

(•eoi ) . 

[H3] ^mizx^xR^btimnm^ffimm 

(*<7)2) . 

[04 ] Si WLhtCJftftSJlfcT i NS«*>C u 

1 mm 

2 t-^yo-y? 

3 
4 
5 
6 
7 

8a 



as- 

Ta [N (C 2 H 5 ) 2 ] , 

8c 7X70-3yhP-7 



9 

10 ^-^^^7" 

11 o-^u-,-Kyr 
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— -tSHZD-i 
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6 /<3<?- 

6 TaCNCCjhyp, 



7 fc— £ 
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9 ^y^;* 

10 ^-tf^tfVT' 
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(51) Int. CI . 7 U6JJW F I f-7>h' (## ) 

H0 1L 21/316 H0 1L 21/316 X 

F?-A(##) 4K030 AAOO AA11 AA13 AA14 AA16 
AA17 AA18 BA10 BA17 BA18 
BA22 BA29 BA38 BA42 CA04 
CA12 DA09 JA10 
4M104 BB01 BB13 BB14 BB17 BB29 
BB30 BB32 DD45 DD78 DD79 
HH13 

5F058 BD05 BF04 BF27 BF29 



